Introduction
The geologic time scale is the framework for deciphering the history of the Earth and has three components:
(1) The international chronostratigraphic divisions and their correlation in the global rock record, (2) The means of measuring absolute (linear) time or elapsed durations from the rock record, and (3) The methods of effectively joining the two scales. For convenience in international communication, the rock record of Earth's history is subdivided in a "chronostratigraphic" scale of standardized global stratigraphic units, such as "Ordovician", "Miocene", "Harpoceras falciferum ammonite Zone" or "polarity Chron C24r". Unlike the continuous ticking clock of the "chronometric" scale (measured in years before present), the chronostratigraphic scale is based on relative time units, in which global reference points at boundary stratotypes define the limits of the main formalized units, such as "Devonian," The chronostratigraphic scale is an agreed convention, whereas its calibration to absolute (linear) time is a matter for discovery or estimation.
By contrast, Precambrian stratigraphy is formally classified chronometrically, i.e. the base of each Precambrian eon, era and period is assigned an arbitrary numerical age. This practice is now being challenged (see below).
Continual improvements in data coverage, methodology, and standardization of chronostratigraphic units imply that no geologic time scale can be final. This brief overview of the status of the Geologic Time Scale in 2004 (GTS2004), documented in detail by Gradstein et al. (2004) , is the successor to GTS1989 (Harland et al., 1990) , which in turn was preceded by GTS1982 (Harland et al., 1982) . GTS2004 also replaces the International Stratigraphic Chart 2000 of the International Commission on Stratigraphy (ICS) and UNESCO, issued four years ago (Remane, 2000) .
There are several reasons why this new geologic time scale of 2004 was required, including: • Nearly 50 of 90+ Phanerozoic stage boundaries are now defined, versus <15 in 1990; • Stable international stage subdivisions rendered invalid about 15% of the "stage" names of 1990; • Last 23 million years (Neogene) is orbitally tuned with 40 kyr accuracy; • Orbital scaling has been successful in portions of the Paleocene, lower Cretaceous, lower Jurassic, and upper Triassic; • Superior stratigraphic integration in Mesozoic has merged direct dating, seafloor spreading (M-sequence), zonal scaling and orbital tuning; • Superior stratigraphic scaling of Paleozoic was achieved using high-resolution composite zonal standards; • A 'natural' geologic Precambrian time scale has been proposed to replace the current artificial scale; • More accurate and precise age dating has provided over 200
Ar/Ar and U/Pb dates with external (systematic) error analysis, of which only a few of these were available to GTS89; • Improved mathematical/statistical techniques can combine biostratigraphic zones, polarity chrons, geologic stages and absolute ages to calculate the linear time scale and estimate uncertainty. A listing is provided at the end of this document of outstanding issues that, once resolved, will pave the way for an updated version of the standard Geologic Time Scale, scheduled under the auspices of ICS for the year 2008. international chronostratigraphic scale. In some cases, such as in the Ordovician or Permian periods, traditional European-or Asianbased geological stages have been replaced with new subdivisions that allow global correlation.
(2) New or enhanced methods of extracting linear time from the rock record have enabled high-precision age assignments. Numerous high-resolution radiometric dates have been generated that has led to improved age assignments of key geologic stage boundaries. The use of global geochemical variations, Milankovitch climate cycles, and magnetic reversals have become important calibration tools.
(3) Statistical techniques of interpolating ages and associated uncertainties to stratigraphic events have evolved to meet the challenge of more accurate age dates and more precise zonal assignments. Fossil event databases with multiple stratigraphic sections through the globe can be integrated into high-resolution composite standards for internal scaling of geologic stages.
The compilation of GTS2004 involved a large number of specialists, listed above, including contributions by past and present chairs of different subcommissions of ICS, geochemists working with radiogenic and stable isotopes, stratigraphers using diverse tools from traditional fossils to astronomical cycles to database programming, and geomathematicians.
The methods used to construct Geologic Time Scale 2004 (GTS2004) integrate different techniques depending on the quality of data available within different intervals ( Figure 1 ). The set of chronostratigraphic units (geologic stages, periods) and their computed ages that constitute the main framework for the Geologic Time Scale 2004 are summarized in the International Stratigraphic Chart (Figure 2 and accompanying insert). Uncertainties on ages are expressed at 2-sigma (95% confidence). Table 1 summarizes the status of stratigraphic standardization, compiled by one of us (JGO), for the entire geologic column. Steady progress is made with further standardization of the stratigraphic scale.
The main steps involved in the GTS2004 time scale construction were:
Step 1. Construct an updated global chronostratigraphic scale for the Earth's rock record (Table 1) .
Step 2. Identify key linear-age calibration levels for the chronostratigraphic scale using radiometric age dates, and/or apply astronomical tuning to cyclic sediment or stable isotope sequences which had biostratigraphic or magnetostratigraphic correlations.
Step 3. Interpolate the combined chronostratigraphic and chronometric scale where direct information is insufficient.
Step 4. Calculate or estimate error bars on the combined chronostratigraphic and chronometric information to obtain a geologic time scale with estimates of uncertainty on boundaries and on unit durations.
Step 5. Peer review the geologic time scale through ICS. The first step, integrating multiple types of stratigraphic information in order to construct the chronostratigraphic scale, is the most time-consuming. This relative geologic time scale summarizes and synthesizes centuries of detailed geological research. The second step, identifying which radiometric and cycle-stratigraphic studies would be used as the primary constraints for assigning linear ages, is the one that is evolved most rapidly during the past decade. Historically, Phanerozoic time scale building went from an exercise with very few and relatively inaccurate radiometric dates, as used by Holmes (1947 Holmes ( , 1960 , to one with many dates with greatly varying analytical precision (like GTS89, or to some extent Gradstein et al., 1994) . Next came studies on relatively short stratigraphic intervals that selected a few radiometric dates with high internal analytical precision (e.g., Obradovich, 1993; Cande & Kent, 1992 Cooper, 1999) or measured time relative to present using astronomical cycles (e.g., Shackleton et al., 1999; Hilgen et al., 1995 Hilgen et al., , 2000 . This later philosophy is adhered to in this scale.
In addition to selecting radiometric ages based upon their stratigraphic control and analytical precision, we also applied the following criteria or corrections:
(1) Stratigraphically constrained radiometric ages with the U-Pb method on zircons were accepted from the isotope dilution mass spectrometry (TIMS) method, but generally not from the highresolution ion microprobe (HR-SIMS, also known as "SHRIMP") that uses the Sri Lanka (SL)13 standard. An exception is the Carboniferous Period, where there is a dearth of TIMS dates, and more uncertainty.
(2) 40 Ar-39 Ar radiometric ages were re-computed to be in accord with the revised ages for laboratory monitor standards: 523.1 ±4.6 Ma for MMhb-1 (Montana hornblende), 28.34 ±0.28 Ma for TCR (Taylor Creek sanidine) and 28.02 ±0.28 Ma for FCT (Fish Canyon sanidine). Systematic ("external") errors and uncertainties in decay constants are partially incorporated. No glauconite dates are used. The bases of the Paleozoic, Mesozoic and Cenozoic eras are bracketed by analytically precise ages at their GSSP (Global Standard Section and Point) or primary correlation markers -542 ±1.0 Ma, 251.0 ±0.4 Ma, and 65.5 ±0.3 Ma -and there are direct age-dates on base-Carboniferous, base-Permian, base-Jurassic, and base-Oligocene; but most other period or stage boundaries prior to the Neogene lack direct age control. Therefore, the third step, interpolation, plays a key role for most of GTS2004. A set of detailed and high-resolution interpolation processes incorporated several techniques, depending upon the available information:
(1) A composite standard of graptolite zones spanning the uppermost Cambrian, Ordovician and Silurian interval was derived from 200+ sections in oceanic and slope environment basins using the constrained optimization method. With zone thickness taken as directly proportional to zone duration, the detailed composite sequence was scaled using selected, high precision zircon and sanidine age dates. For the Carboniferous through Permian a composite standard of conodont, fusulinid, and ammonoids events from many classical sections was calibrated to a combination of U-Pb and 40 Ar-39 Ar dates with assigned external error estimates. A composite standard of conodont zones was used for Early Triassic. This procedure directly scaled all stage boundaries and biostratigraphic horizons.
Figure 1 Methods used to construct the Geologic Time Scale 2004 (GTS2004) integrate different techniques depending on the quality of data available within different intervals.

Figure 2 The International Startigraphical Chart summarizes the set of choronostratigraphic units (geologic stages, periods) and their computed ages, which are the main framework for Geologic Time Scale 2004. Uncertainties on ages expressed at 2-sigma (95% confidence).
Table 1 Status of defining lower boundaries of geologic stages with GSSPs (as of May, 2004). Updates of this compilation can be obtained from the website (www.stratigraphy.org) of the International Commission on Stratigraphy (ICS) under IUGS.
(2) Detailed direct ages for Upper Cretaceous ammonite zones of the Western Interior of the USA were obtained by a cubic spline fit of the zonal events and 25 40 Ar-39 Ar dates. The base-Turonian age is directly bracketed by this 40 Ar-39 Ar set, and ages of other stage boundaries and stratigraphic events are estimated using calibrations to this primary scale.
(3) Seafloor spreading interpolations were done on a composite marine magnetic lineation pattern for the Late Jurassic through Early Cretaceous in the Western Pacific and for the late Cretaceous through early Neogene in the South Atlantic Oceans. Ages of biostratigraphic events were assigned according to their calibration to these magnetic polarity time scales.
(4) Astronomical tuning of cyclic sediments was used for Neogene and Upper Triassic, and for portions of the Lower and Middle Jurassic, Lower Cretaceous, and Paleocene. The Neogene astronomical scale is directly tied to the Present; the older astronomical scale provides absolute-duration constraints on polarity chrons, biostratigraphic zones and entire stages.
(5) Proportional scaling relative to component biozones or subzones. In intervals where none of the above information under Items 1 through 4 was available, it was necessary to return to the methodology employed by previous time scales. This procedure was necessary in portions of the Middle Triassic, and Middle Jurassic. Devonian stages were scaled from approximate equal duration of a set of high-resolution subzones of ammonoids and conodonts, fitted to an array of high-precision dates.
The geomathematics employed for data sets (Items 1, 2, 3 and 5) constructed for the Ordovician-Silurian, Devonian, Carboniferous-Permian, Late Cretaceous, and Paleogene intervals involved cubic spline curve fitting to relate the observed ages to their stratigraphic position. During this process, the ages were weighted according to their variances based on the lengths of their error bars. A chi-square test was used for identifying and reducing the weights of relatively few outliers with error bars that are much narrower than could be expected on the basis of most ages in the data set.
Stratigraphic uncertainty was incorporated in the weights assigned to the observed ages during the spline-curve fitting. In the final stage of analysis, Ripley's algorithm for Maximum Likelihood fitting of a Functional Relationship (MLFR) was used for error estimation, resulting in 2-sigma (95% confidence) error bars for the computed chronostratigraphic boundary ages and stage durations. The uncertainties on older stage boundaries generally increase owing to potential systematic errors in the different radiometric methods, rather than to the analytical precision of the laboratory measurements. In this connection, we mention that biostratigraphic error is fossil event and fossil zone dependent, rather than dependent on linear age.
In Mesozoic intervals that were scaled using the seafloor spreading model or proportionally scaled using paleontological subzones, the assigned uncertainties are conservative estimates based on variability observed when applying different assumptions (see discussions in the Triassic, Jurassic and Cretaceous chapters of GTS2004). Ages and durations of Neogene stages derived from orbital tuning are considered to be accurate within a precession cycle (~20 kyr), assuming that all cycles are correctly identified, and that the theoretical astronomical-tuning for progressively older deposits is precise.
Precambrian
From the time of initial accretion and differentiation (ca. 4560 Ma) to the first appearance of abundant hard-bodied fossils (the onset of the Cambrian Period at 542 Ma), the Precambrian spans 88 percent of Earth history. Yet, there is no coherent view of a geological time scale to help describe, analyze, calibrate, and communicate the evolution of planet Earth.
The status quo is a geological time scale for the Precambrian that is both incomplete and flawed (e.g., Cloud, 1987; Crook, 1989; Nisbet, 1991; Bleeker, 2003a) , and is defined in terms of arbitrary, strictly chronometric, absolute age boundaries that are divorced from the only primary, objective, record of planetary evolution: the extant rock record.
At a recent conference in Canada on the geological time scale and its calibration (NUNA, 2003) , co-sponsored by the International Committee on Stratigraphy (ICS), there was broad consensus on the view that this arbitrary, chronometrically defined, Precambrian time scale fails to convey the richness of the Precambrian rock record and therefore impedes scientific understanding of geological processes by diverting attention away from observable, first-order, stratigraphic boundaries and transitions.
Specific criticisms of the present Precambrian time scale are outlined in the chapter on Precambrian by Bleeker in Gradstein et al. (2004) , but one key point deserves elaboration here: the uncertainty in decay constants of 238 U and 235 U. These uncertainties (e.g., Ludwig, 2000) conspire in such a way that most age dates for the Precambrian (predominantly upper intercept 207 Pb/ 206 Pb zircon ages, particularly prior to 1 Ga) have a non-trivial fundamental "fuzziness" (e.g., about ±6.5 million years at ca. 2500 Ma). This fundamental uncertainty increases to ±10 million years at 4000 Ma. Definition of boundaries in terms of arbitrary, round, absolute ages, although superficially appealing, is therefore naïve. Absolute-age correlation of such boundaries between distant sections, on the basis of even our best geochronometer (U-Pb ages on single zircons), can be no better than ±5-10 million years (in terms of linear ages), even if all other sources of uncertainty (e.g., analytical scatter, Pb loss, or cryptic inheritance) are negligible. In principle, this fundamental uncertainty could be reduced by defining boundaries explicitly in terms of 207 Pb/ 206 Pb zircon ages or isotopic ratios, rather than linear age, but this would make any time scale even less transparent. Furthermore, it would not solve the problem of intercalibration between different chronometers.
Clearly, there can only be one conclusion: the Precambrian time scale should be (re)defined in terms of the only objective physical standard we have, the extant rock record. Boundaries should be placed at key events or transitions in the stratigraphic record, to highlight important milestones in the evolution of our planet. This would be analogous to the "golden spike" GSSP approach employed in the Phanerozoic. Various geochronometers (U-Pb; 40 Ar-39 Ar; Re-Os, etc.), each with their own inherent but independent uncertainties, should be employed to calibrate meaningful stratigraphic boundaries in linear time. The ultimate result should be a calibrated "natural" time scale for planet Earth that reflects first-order events and transitions in its complex evolution.
To achieve this 'natural' time scale we propose that the 2004-2008 mandate of the International Subcommission on the Precambrian under ICS is a comprehensive and internally consistent, as well as practical, "natural" time scale for planet Earth. This 'natural' time scale should be complete with agreed upon "golden spikes" and type sections (i.e., GSSPs) for all Precambrian eon and era boundaries, and, where needed, for those of periods (systems).
Such an international effort would help focus significant attention on key stratigraphic boundaries and type sections, and, in turn, will stimulate multidisciplinary science into the causes for specific boundaries and transitions, the fundamental processes involved, their rates, and their calibration in absolute time.
Building on efforts by the previous Subcommittee on Precambrian Stratigraphy (e.g., Plumb, 1991) , such a "naturalizing" of the Precambrian time scale could largely preserve existing nomenclature, in so far as it has gained acceptance in the literature, while formalizing other eon and era names that are in widespread use today, e.g. the Hadean. Thus, by 2008, we would have, for the first time, a complete and natural time scale that reflects and communicates the entire, protracted, and complex evolution of planet Earth. Figures 3 and 4 highlight the key points of this discussion. Figure 3 shows the formal current subdivision of the Precambrian, annotated with known key events in Earth's evolution. The practical Geon scale from Hofmann (1990, 1991) provides a quick chronometric shorthand notation. The interval highlighted "early Earth" is an informal designation commonly used for Earth's first giga-year from the time of accretion to ~3.5 Ga. Exponentially decreasing impact intensity (curve on right) is schematic and includes the "late heavy bombardment" episode. Stars indicate Sudbury and Vredefort impact craters with diameters >50 km.
In the proposed "natural" Precambrian time scale, Earth history is divided into six eons, with boundaries defined by what can be con-sidered first-order "watersheds" in the evolution of our planet (Figure 4) . The six eons can be briefly characterized as follows:
(1) "Accretion & Differentiation" -planet formation, growth and differentiation up to the Moon-forming giant impact event;
(2) Hadean (Cloud, 1972) -intense bombardment and its consequences, but no preserved supracrustals; 's evolution. Geon scale from Hofmann (1990, 1991) provides a quick chronometric shorthand notation.
Figure 3 Formal subdivisions of the Precambrian annotated with key events in Earth
(3) Archean -increasing crustal record from the oldest supracrustals of Isua greenstone belt to the onset of giant iron formation deposition in the Hamersley basin, likely related to increasing oxygenation of the atmosphere;
(4) "Transition" -starting with deposition of giant iron formations up to the first bona fide continental red beds;
(5) Proterozoic -a nearly modern plate-tectonic Earth but without metazoan life, except at its very top; and (6) The Phanerozoic-characterized by metazoan life forms of increasing complexity and diversity.
Some of the boundaries are currently poorly calibrated in absolute time, whereas the onset of the Archean should "float" with the oldest preserved supracrustal rocks, a distinction currently held by ~3820-3850 Ma rocks of the Isua greenstone belt. Comparison is shown to the lunar time scale (e.g., Guest and Greeley, 1977; Murray et al., 1981; Spudis, 1999) .
Neogene
The most detailed segment of the modern geologic time scale in terms of resolution and accuracy is that for the Neogene, 23 Ma to Recent. The subdivision of the Neogene into its constituent stages is presently well established and internationally accepted for the pre-Pleistocene part (Table 1) . New ICS task groups have been organized under the umbrella of the Subcommission on Quaternary Stratigraphy to establish an international Pleistocene subdivision of Lower, Middle and Upper, and to define the Holocene/Pleistocene Figure 4 Proposal for a "natural" Precambrian time scale. Earth history is divided into six eons, with boundaries defined by what can be  considered first-order key events in the evolution of our planet. boundary. GSSPs have been formalized for the Aquitanian (defining the Paleogene/Neogene boundary), Tortonian and Messinian stages of the Miocene, and for the Zanclean, Piacenzian and Gelasian stages of the Pliocene. In addition, the Pliocene-Pleistocene boundary has been defined.
From the 1970's until 1994, Neogene time scales were constructed using a limited number of radio-isotopic age calibration points in geomagnetic polarity sequences that were primarily derived from a seafloor anomaly profile in the south Atlantic, modified after Heirtzler et al. (1968) . Biozonations and stage boundaries were subsequently tied to the resulting geomagnetic polarity time scale (GPTS), preferably via magneto-biostratigraphic calibrations (Berggren et al., 1985) . Alternatively, radio-isotopic age determinations from both sides of stage boundaries were used to calculate a best-fit radio-isotopic age estimate for these boundaries in a statistical way (chronogram method of Harland et al., 1982 Harland et al., , 1990 .
The "standard" method to construct time scales changed drastically with the advent of the astronomical dating method to the prelate Pleistocene. This method relies on the calibration, or tuning, of sedimentary cycles or cyclic variations in climate proxy records to target curves derived from astronomical solutions for the solar-planetary and Earth-Moon systems. Quasi-periodic perturbations in the shape of the Earth's orbit and the tilt of the inclination axis are caused by gravitational interactions of our planet with the Sun, the Episodes, Vol. 27, no. 2 Figure 5a Neogene stratigraphic subdivisions, geomagnetic polarity scale, pelagic zonations and selected datums of planktonic  foraminifers and calcareous nannoplankton. Main trends in eustatic sea level are generalized. The "Quaternary", shown schematically on  the right-hand side, is traditionally considered to be the interval of oscillating climatic extremes (glacial and interglacial episodes) that was initiated at about 2.6 Ma, therefore encompassing the Holocene and Pleistocene epochs and Gelasian stage of late Pliocene. The  Quaternary composite epoch is not a formal unit in the chronostratigraphic hierarchy. Moon and the other planets of our solar system. These interactions give rise to cyclic changes in the eccentricity of the Earth's orbit, with main periods of 100,000 and 413,000 years, and in the tilt (obliquity) and precession of the Earth's axis with main periods of 41,000, and 21,000 years, respectively (Berger, 1977) . These perturbations in the Earth's orbit and rotation axis are climatically important because they affect the global, seasonal and latitudinal distribution of the incoming solar insolation. Orbital forced climate oscillations are recorded in sedimentary archives through changes in sediment properties, fossil communities, chemical and isotopic characteristics. While Earth scientists can read these archives to reconstruct paleoclimate, astronomers have formulated models based on the mechanics of the solar-planetary system and the Earth-Moon system to compute the past variations in precession, obliquity and eccentricity of the Earth's orbit and rotation axis. As a logical next step, sed-imentary archives can be dated by matching patterns of paleoclimate variability with patterns of varying solar energy input computed from the astronomical model solutions. This astronomical tuning of the sedimentary record results in time scales based on measurable physical parameters that are independent from those underlying radio-isotopic dating and that are tied to the Recent through a direct match with astronomical curves.
Astronomical tuning was first applied in the late Pleistocene in order to build a common high-resolution time scale for the study of orbital induced glacial cyclicity. Initial attempts to extend this time scale back in time were unsuccessful due to lack of resolution or incompleteness of the sedimentary succession. These problems were overcome with the advent of the advanced piston corer (APC) technique in ocean drilling and the drilling of multiple offset holes per site. Combined these innovations were used to construct spliced
Figure 5b
Neogene dinoflagellate cyst and radiolarian zonation with estimated correlation to magnetostratigraphy and planktonic foraminifer zones.
composite sections in order to recover undisturbed and complete successions marked by high sedimentation rates. Soon afterwards, the astronomical time scale was extended to the base of the Pliocene based on ODP sites (Shackleton et al., 1990) and land-based sections in the Mediterranean (Hilgen, 1991a,b) , the study of the latter providing another means to overcome the problem of incompleteness of the stratigraphic record.
GTS2004 for the first time presents an Astronomically Tuned Neogene Time Scale (ATNTS2004), based on cyclic sedimentary successions from the western Equatorial Atlantic Ocean and Mediterranean. The new time scale represents a continuation of a development that led Berggren et al. (1995a) to incorporate the Pliocene and Pleistocene astrochronology of Shackleton et al. (1990) and Hilgen (1991a, b) in their Neogene time scale.
Construction of the new high-resolution Neogene time scale was made possible through:
(1) Technological and procedural improvements in deep-sea drilling of older Neogene strata,
(2) High-resolution studies of exposed marine sections in tectonically active areas where ancient seafloor has been rapidly uplifted, and
(3) Improvements in the accuracy of theoretical astronomical solutions resulting in the La2003 numerical solution.
A seafloor anomaly profile from the Australia-Antarctic plate pair was employed to complete the polarity time scale for the interval between 13 and 23 Ma due to the lack of magnetostratigraphic records for ODP Leg 154 sites. Biostratigraphic zonal schemes are either directly tied to the new time scale via first-order calibrations, such as the standard low-latitude calcareous plankton zonation, or can be linked to it by recalibrating them to the associated polarity time scale. Formally designated chronostratigraphic boundaries (GSSPs of Neogene stages) are also directly tied to the new time scale because they are defined in sections that have been used to build the astronomically tuned integrated stratigraphic framework that underlies the time scale. An overview of the tuned Neogene stratigraphic framework is in Figures 5a and b .
The new time scale resulted in a significantly younger age of 23.03 Ma for the Oligocene-Miocene boundary than the 23.8 Ma estimated in previous time scales; the latter age was based on radiometric age determinations that are not fully acceptable according to current standards. The intercalibration of the independent astronomical and radiogenic-isotopic dating methods is not yet solved, but new results (Kuiper, 2003) point to an astronomical-derived age of 28.24 ±0.01 Ma for the Fish Canyon Tuff (FCT) sanidine and favor the introduction of a directly astronomically dated standard in 40Ar-39Ar dating.
The astronomically tuned Neogene time scale with an unprecedented accuracy (1-40 kyr) and resolution (<10 kyr), opens new perspectives for paleoclimatic and paleooceanographic studies of the entire Neogene with a temporal resolution comparable to that of Pleistocene research (i.e., Krijgsman et al., 1999; Zachos et al., 2001) .
GTS Quo Vadis?
The changing philosophy in time scale building has made it more important to undertake high-resolution radiometric study of critical stratigraphic boundaries, and extend the astronomical tuning into progressively older sediments. Good examples are Bowring et al. (1989) for basal-Triassic, Amthor et al. (2003) for basal-Cambrian and Hilgen et al. (2000) for Messinian. The philosophy is that obtaining high-precision age dating at a precisely defined stratigraphic boundary avoids stratigraphic bias and its associated uncertainty in rock and in time.
In this respect, it is of vital importance that ICS not only completes the definition of all stage boundaries, but also actively considers definition of standardized subdivisions within the many long stages itself. Examples of long stages (spanning more than 10 myr) that lack international standardization of internal divisions are the Campanian, Albian, Aptian, Norian, Carnian, Sakmarian, Visean, Tournaisian, Famennian and Tremadocian stages, and parts of the Cambrian system. This consensus definition process should be completed in a timely manner. Regional and philosophical arguments between stratigraphers should be actively resolved to reach consensus conclusions which focus on the global correlation implications. Stratigraphic standardization precedes linear time calibration.
Future challenges to time scale building, detailed in Gradstein et al. (2004) , may be summarized as follows:
(1) Formal definition of all Phanerozoic stage boundaries, and interior definition of long stages.
(2) Orbital tuning of polarity chrons and biostratigraphic events for the entire Cenozoic and Cretaceous (past 150 myr).
(3) A consensus Ar/Ar monitor age (? 28.24 ±0.01 Ma from orbital tuning), and consensus values for decay constants in the K-Ar isotope family.
(4) A detailed public database of high-resolution radiometric ages that includes "best practice" procedures, full error propagation, monitor ages and conversions.
(5) Resolving of zircon controversies across Devonian/Carboniferous, Permian/Triassic, and Anisian/Ladinian boundaries, either through more sampling or re-evaluation of different laboratory techniques.
(6) Detailed age dating of several 'neglected' intervals, including Upper Jurassic-Lower Cretaceous (M-sequence spreading and 'tuned' stages), base Carboniferous (Kellwasser extinction event; glaciation), and within Albian, Aptian, Norian, Carnian, Visean, and intra Permian.
(7) More detailed composite standard zonal schemes for Upper Paleozoic and Lower Mesozoic.
(8) On-line stratigraphic databases and tools (e.g., a rapid expansion of the CHRONOS network).
The geochronological science community and ICS are focusing on these challenging issues. The next version of the Geologic Time Scale is planned for the 33rd IGC in 2008, concurrent with the planned completion of boundary-stratotype (GSSP) definitions for all international stages. 
Felix M. Gradstein is chair of the International Commission on
